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Objective: Spontaneous recanalization of intracranial internal carotid artery (ICA) occlusion is frequent in embolic
strokes. Spontaneous recanalization of the extracranial portion of the ICA occlusion of atherosclerotic or embolic origin
is only anecdotally reported, and data are lacking about its incidence, natural history, and outcome in long-term
follow-up.
Methods:Consecutive patients with ICA occlusion were prospectively identified and followed-up to detect the incidence of
a spontaneous recanalization. Patients with objectively confirmed recanalization were prospectively followed-up to
observe their natural history and the onset of new cerebrovascular events. ICA occlusion and spontaneous recanalization
were diagnosed by means of color-coded Doppler ultrasound imaging or selective contrast angiography, or both. All
patients were evaluated and treated for atherosclerotic risk factors.
Results: Spontaneous recanalization occurred in 16 of 696 patients (2.3%; 95% confidence interval, 1.3%-3.7%) with ICA
occlusion after a mean interval of 38 months from the diagnosis of occlusion. Spontaneous recanalization was detected
with color-coded Doppler ultrasound imaging and with selective contrast angiography, with a complete agreement of
diagnostic findings. Two patients presented with symptomatic spontaneous recanalization. All patients with spontaneous
recanalization were asymptomatic after a mean follow-up of 66.2 months.
Conclusions: Spontaneous recanalization of previously occluded extracranial ICAs is more frequent than anticipated. Once
it occurs, spontaneous recanalization seems to have a benign long-term course. ( J Vasc Surg 2011;53:323-9.)
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sUnilateral and bilateral internal carotid artery (ICA)
occlusion accounts for 6% to 15% of all acute cerebrovas-
cular events. It usually affects older people1,2 and is associ-
ated with typical atherosclerotic risk factors, such as hyper-
tension, smoking, cardiovascular disease, diabetes mellitus,
hyperhomocysteinemia, acquired or inherited coagu-
lopathies, and lipid metabolism abnormalities. In young
adults, ICA occlusion may also follow treatment with a
high level of estrogen oral contraceptives, cardiac ar-
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doi:10.1016/j.jvs.2010.07.066hythmias, carotid dissection (spontaneous or secondary
o neck trauma), and radiation-induced vascular dis-
ase.3,4
The clinical presentation of ICA occlusion is variable
nd unpredictable. Patients with ICA occlusionmay remain
symptomatic or may suffer transient ischemic attacks or
isabling or fatal stroke. When initially asymptomatic, ICA
cclusion prognosis is usually benign, with a low stroke
ncidence.5-7 When ICA stenosis progresses to occlusion,
he risk of developing an ipsilateral stroke is as high as
5%.8 As a consequence, 40% to 69% of these patients
resent a severe residual disability with a 16% to 55%
ortality rate.8-10 It is mainly during the acute phase of
he occlusion that disabling or potentially fatal outcomes
re experienced. On the other hand, once occlusion is
stablished, the subsequent risk of cerebrovascular
vents seems to be lower (2% to 5% per year), even in
nitially symptomatic patients.5-8,11,12
Color-coded Doppler ultrasound (CCDU) imaging is
he first-line noninvasive method for the diagnosis of ca-
otid artery disease,13,14 featuring a high sensitivity (95%),
pecificity (100%), and accuracy (97%), even in differenti-
ting a true occlusion from a near-occlusion.15,16 Tradi-
ionally, despite a general complication rate as high as 5%
nd a stroke risk of 1.0%, the accepted reference test to
onfirm the presence of ICA stenosis or occlusion was
elective contrast angiography.9,17 Recently, computed to-
ography or magnetic resonance angiography were proven
323
fl
u
o
C
p
c
p
p
c
l
a
b
n
g
d
c
b
p
p
e
n
v
R
w
1
m
t
m
o
p
o
s
b
s
S
w
l
I
c
C
w
1
o
I
C
C
C
o
w
p
T
p
JOURNAL OF VASCULAR SURGERY
February 2011324 Camporese et alto be highly accurate, safe, and rapid alternatives to contrast
angiography in this setting.18,19
Spontaneous recanalization (SR) of the supraclinoid
intracranial portions of the ICA and of the middle cerebral
artery occurs frequently (17% to 67%) and is commonly
discovered in patients with symptomatic ICA occlusion, as
described in several small series of patients during the last
40 years.20,21 Some reports described SR early in the clin-
ical course of these patients, ranging from 1 to 2 hours to 2
weeks after occlusion.20-24 Similarly, SR after extracranial
ICA occlusion after posttraumatic or spontaneous dissec-
tion is a common event (57% to 68% of the cases).20,22-26
However, a SR after extracranial ICA occlusion after ath-
erosclerosis or arterial embolism is felt to be a rare occur-
rence.3,9,13,17,27-33
The objectives of the study were (1) to evaluate the
frequency of spontaneous extracranial ICA recanalization
in a large group of patients from two institutions and (2) to
investigate the clinical course of these patients to observe
their natural history and outcome in long-term follow-up.
MATERIAL AND METHODS
This was a prospective observational study conducted
according to the principles contained in the Helsinki Dec-
laration, and all patients gave their written informed con-
sent.
A total of 696 consecutive patients with ICA occlu-
sion evaluated at the Unit of Angiology of the University
Hospital of Padua (Italy) and at the Vascular Laboratory
of the Loyola University Medical Center (Chicago, Ill,
where investigator N.L. was working at the time) be-
tween July 1987 and October 2006 were followed-up
prospectively to determine the frequency of a spontane-
ous recanalization.
The initial diagnosis of ICA occlusion was obtained by
means of CCDU by physicians experienced in vascular
diagnosis. The Acuson 128XP10, linear multifrequency
5.0- to 7.5-MHz transducer (Siemens, Malvern, Pa) and
Technos linear multifrequency 5.0- to 10.0-MHz trans-
ducer (Esaote, Genova, Italy), both power Doppler
equipped, were used in Italy; and the ATL HDI series and
Philips I-22 (Philips Medical Systems, Bothell, Wash), lin-
ear multifrequency 5.0 to 10.0 MHz, both power Doppler
equipped, were used in the United States. In the asymp-
tomatic patients, we arbitrarily considered the moment of
the first diagnosis of ICA occlusion as the baseline.
Standardized ultrasonographic criteria for the diagnosis
of ICA occlusion were used: the presence of a speckled
nonhomogeneous thrombus occluding the vessel lumen,
lack of lateral expansion of the arterial wall, absence of ICA
Doppler signal, lower than normal peak systolic and end-
diastolic velocities in the common carotid, and slight in-
crease in the external carotid end diastolic velocity (inter-
nalization of flow).34,35
Once these criteria were fulfilled, the color scale was
lowered (pulse repetition frequency1KHz) and the color
gain was increased until the appearance of color speckle
outside the artery to detect slow flow. The power Doppler pow imaging was used as well. Given the high accuracy of
ltrasound in differentiating a true occlusion from a near
cclusion,15,16 the diagnosis of ICA occlusion was made by
CDU. Confirmatory evidence with contrast angiogra-
hy was performed only when extended calcified plaques
ould have made the diagnosis of ICA occlusion falsely
ositive. Angiographic images were obtained in anterior-
osterior, lateral, and oblique projections by selective
atheterization of the common carotid artery using pro-
onged injections of 10-mL nonionic x-ray contrast
gent and prolonged filming of the sequences. However,
ecause the accuracy of CCDU in the diagnosis of SR is
ot well established, confirmatory selective contrast an-
iography was routinely recommended in patients with
uplex evidence for SR.
Patients with a spontaneous recanalization objectively
onfirmed by means of CCDU or contrast angiography, or
oth, were asked to attend a follow-up visit, including
hysical examination and CCDU, every 6 months. All
atients were instructed to immediately contact their refer-
nt vascular center for an emergent CCDU assessment if
ew neurologic symptoms occurred before the scheduled
isit.
ESULTS
SR occurred in 16 (7 women, 9 men) of 696 patients,
ith ICA occlusion (2.3%, 95% confidence interval [CI],
.3%-3.7%) after a mean of 38 months (range, 5-98
onths) since the initial diagnosis. These patients formed
he study cohort.
At the time of occlusion (Table I), the study patients
ean age was 66.2 years (range, 52-77 years), and all but
ne patient had one or more atherosclerotic risk factors. All
atients were taking antiplatelet agents (aspirin, dipyridam-
le, or clopidogrel) at the time of occlusion. Two were
witched to oral anticoagulants (warfarin) afterward, one
ecause of the development of atrial fibrillation and the
econd, based on his general practitioner’s judgment.
even of 16 patients with ICA occlusion (43.7%) under-
ent CCDU because of the acute onset of focal neuro-
ogic symptoms, whereas in the remaining 9 patients,
CA occlusion was an incidental finding during a vascular
heck-up. Initially, ICA occlusion was diagnosed with
CDU. Confirmatory selective contrast angiography
as planned for all patients and effectively performed in
3 of 16 patients, while 3 refused contrast angiography
r presented with significant comorbidities. Therefore,
CA occlusion was confirmed in 13 patients with both
CDU and contrast angiography and in 3 patients with
CDU only (Table II).
SR (Table III) was initially diagnosed in all patients by
CDU. Confirmatory selective contrast angiography was
btained in 13 of 16 patients, with a complete agreement
ith the ultrasonographic findings (Fig 1, Fig 2). Three
atients refused the planned selective contrast angiography.
wo patients with an initial asymptomatic ICA occlusion
resented with an SR with nonfocal symptoms, and two
atients with symptomatic ICA occlusion presented with
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Volume 53, Number 2 Camporese et al 325symptomatic SR (dysarthria developed in 1, and a transient
ischemic attack with onset of symptoms ipsilateral to the
recanalized carotid artery distribution developed in the
other).
After the diagnosis of SR, five patients were switched
from aspirin to clopidogrel, three patients from antiplatelet
to oral anticoagulants (warfarin), and one from dipyridam-
ole to aspirin. The remaining seven patients continued with
the usual antiplatelet or anticoagulant treatment that was
administered before the diagnosis of SR.
The mean follow-up was 71.2 months (range, 2-157
months). No patient experienced a reocclusion of the re-
canalized ICA. Two of the 16 patients died from cancer
without developing new focal neurologic symptoms, 1 of
the remaining 14 patients complained of nonfocal symp-
toms such as dizziness and syncope, and the other 13
Table I. Demographic characteristics of the study cohort
Pt Sex Age
Cholesterol
(mg)
Diabetes
mellitus Htn
1 M 52 200 No Yes
2 F 66 200 Yes No
3 F 59 200 No No
4 M 75 200-300 Yes Yes
5 F 53 300 Yes Yes
6 M 71 200 No Yes
7 M 67 200-300 No Yes
8 F 70 300 No No
9 M 77 200 No No
10 F 55 200-300 No Yes
11 F 66 200 Yes Yes
2 M 65 200 No Yes
3 M 67 200 No No
4 M 68 200 No Yes
5 F 73 200 No Yes
6 M 76 200 Yes Yes
F, Female; Htn, hypertension; ICA, internal carotid artery; M, male; MI, m
Table II. Clinical and instrumental findings at the time of
Patient Diagnosis of occlusion Symptoms at occlusio
1 1998 A
2 1999 S (ipsilateral TIA)
3 2000 A
4 2002 S (contralateral TIA)
5 2000 A
6 2003 A
7 2004 S (amaurosis fugax)
8 1994 S (ipsilateral TIA)
9 1989 A
10 1987 S (ipsilateral TIA)
11 1993 A
12 1998 S (ipsilateral stroke)
13 1990 A
14 1999 A
15 2000 A
16 2002 S (contralateral strok
A, Asymptomatic; CA, contrast angiography; CCDU, color-coded Dopplerpatients remained completely asymptomatic. oISCUSSION
To our knowledge, this is the first study prospectively
valuating in long-term follow-up the natural history of SR
f the extracranial ICA after occlusion of atherosclerotic or
mbolic origin. Our study showed a higher than expected
ncidence of SR (2.3%; 95% CI, 1.3%-3.7%) of a previously
ccluded ICA.
The SR of an occluded intracranial supraclinoid portion
f ICA and its direct terminal branch occur with a complete
esolution in up to 67% of patients.20,21 Also, an SR of an
CA dissection, which usually affects relatively young pa-
ients (mean age, 45 years) tends to occur spontaneously,
ith up to 68% reopening within the first 6 hours to 2
eeks22-26 and up to 85% within the first 3 months. No SR
n ICA dissection has been reported6 months.23,36,37 In
moking Heart diseases
Previous
TIA/stroke
Side of
occlusion
No No No Left
No No No Left
No Atrial fibrillation No Right
No Associated diseases TIA Left
Yes No No Left
No No No Right
No Associated diseases No Left
No No TIA Right
No No No Left
No No No Right
No Previous MI No Left
No Previous MI No Right
No Atrial fibrillation No Right
No No No Left
No Associated diseases No Right
Yes Associated diseases Stroke Left
ial infarction; TIA, transient ischemic attack.
usion
CCDU CA Treatment before recanalization
Yes Yes Aspirin
Yes Yes Aspirin
Yes Yes Aspirin
Yes Yes Aspirin
Yes No Aspirin
Yes Yes Aspirin
Yes No Clopidogrel
Yes Yes Aspirin
Yes Yes Dipyridamole
Yes Yes Aspirin
Yes Yes Aspirin
Yes Yes Aspirin
Yes No Picotamide¡ aspirin
Yes Yes Aspirin¡ warfarin
Yes Yes Aspirin
Yes Yes Aspirin¡ warfarin
ound imaging; S, symptomatic; TIA, transient ischemic attack.Soccl
n
e)ur series, occlusion due to a spontaneous ICA dissection
F
d
i
c
A, Asymptomatic; CA, contrast angiography; CCDU, color-coded Doppler ultrasound imaging; S, symptomatic; TIA, transient ischemic attack.
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February 2011326 Camporese et alFig 1. A, Color-coded Doppler ultrasound imaging in a longitu-
dinal scan confirms the diagnosis of recanalization of the right
internal carotid artery (RICA) in a 63-year-old patient. B, Selec-
tive contrast angiography in the same patient confirms ICA recan-
alization (red arrow). tig 2. A, Color-coded Doppler ultrasound imaging in a longitu-
inal scan confirms the diagnosis of recanalization of the left
nternal carotid artery (LICA) in a 73-year-old patient.B, Selective
ontrast angiography in the same patient confirms ICA recanaliza-Table III. Clinical and instrumental findings at the time of recanalization
Pt
Time of
recanalization
(months)
Symptoms at
recanalization CCDU CA
Treatment after
recanalization
Follow-up
(months) Events during follow-up
1 23 A Yes Yes Clopidogrel 73 Alive
2 17 S (contralateral TIA) Yes Yes Warfarin 66 Alive
3 29 A Yes Yes Clopidogrel 55 Alive
4 21 Dysarthria Yes Yes Heparin  warfarin 29 Alive
5 7 A Yes Yes Clopidogrel 34 Alive
6 5 Nonhemispheric symptoms Yes Yes Clopidogrel 19 Alive
7 11 A Yes Yes Clopidogrel 15 Alive
8 6 A Yes Yes Aspirin 144 Alive
9 70 Nonhemispheric symptoms Yes No Aspirin 138 Nonhemispheric symptoms
10 88 A Yes No Aspirin 157 Alive
11 60 A Yes Yes Aspirin 100 Alive
12 94 A Yes Yes Aspirin¡ clopidogrel 103 Died, prostate cancer
13 98 A Yes Yes Warfarin 91 Alive
14 8 A Yes Yes Warfarin 78 Alive
15 24 A Yes Yes Aspirin 36 Died, lung cancer
16 45 A Yes No Warfarin 2 Aliveion (red arrow).
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Volume 53, Number 2 Camporese et al 327was totally excluded, better supporting the hypothesis of an
ICA occlusion of atherosclerotic or embolic origin. This
was because no patients with an SR presented at the time of
occlusion with angiographic or ultrasonographic findings
suggesting an ICA dissection. Moreover, our patients were
elderly (mean age, 66.2 years), with the youngest patient
aged 52 years, and SR occurred after a mean time of 38
months, with the earliest event presenting at 5 months
from the occlusion, well over the expected 3-month period
where most of the recanalizations occur after a carotid
dissection.
The use of oral contraceptives, mainly with high levels
of estrogens, is a potential cause of cerebrovascular diseases
in young women, with a 4% to 15% incidence of cerebro-
vascular events.30,38 Again, this was not the case of the
women in our study, who were not taking oral contracep-
tives or hormone replacement therapy because of their
older age.
All but one patient had one or more atherosclerotic risk
factors supporting the initial hypothesis that the ICA oc-
clusion was principally due to a thrombotic complication of
an atherosclerotic plaque or to an embolic complication
over an atherosclerotic background. Unfortunately, we did
not routinely test these patents for hypercoagulability. Be-
sides, spontaneous and persistent ICA recanalization makes
the presence of a significant hypercoagulable state less
likely, although on clinical grounds only. Accepting that it
is mainly the acute phase of the occlusion that seems to
correlate with a disabling or potentially fatal outcome (se-
vere disability in 40% to 69% of patients and a 16% to 55%
mortality rate),5-9 once the occlusion has become estab-
lished, the subsequent risk of cerebrovascular events seems
to be lower. Two of the 16 patients (12.5%) in our study
had a stroke at the time of occlusion. This percentage is
lower than the published data, probably because the sample
of patients is small and also because some patients with a
severe stroke would not come to our vascular laboratory for
an ultrasound investigation.
Some reports have demonstrated a benign outcome,
with a lower annual stroke risk in asymptomatic patients
with ICA occlusion but also in symptomatic patients once
the acute phase of the occlusion is over.7,10-12 In our
previous report,27 we hypothesized a potential relatively
benign outcome of the SR of an extracranial ICA occlusion
of nondissectional origin. However, there were fewer pa-
tients and the mean follow-up was 34 months, which was
too short to draw definitive conclusions. The present study
confirmed our previous findings, because only two patients
presented with a symptomatic SR, and one of them expe-
rienced a contralateral transient ischemic attack, probably
of cardioembolic origin, because there was little carotid
disease on that side. As for the acute phase of the occlusion,
both patients with symptomatic SR remained fully asymp-
tomatic during the follow-up period. All patients with an
asymptomatic occlusion persisted complaint-free through-
out the observation period. No new cerebrovascular symp-
toms developed in the two patients who died from cancer
during the follow-up period. tBecause of this benign clinical course, we suggest only
CCDU assessment every 6 to 12months in the absence of
ymptoms, mainly to assess the status of the contralateral
arotid vessels. Contrast angiography has a morbidity and
ortality rate (5% of complications, up to 1.0% of stroke
nd death) that is too high to be used routinely in these
atients.9,17 O’Leary et al39 reported postangiographic
eurologic events in up to 15% of patients with ICA pseudo-
cclusion. CCDU is the most widely accepted noninva-
ive screening tool for the diagnosis of carotid disease. In
any vascular centers, advanced ultrasonographic tech-
iques have already replaced contrast angiography as the
rst diagnostic tool in carotid artery disease or as the only
iagnostic procedure before carotid interventions.
A number of attempts have been made to discern
hether CCDU is adequate for the diagnosis of ICA oc-
lusion.40-42 The positive predictive value of CCDU in
iagnosing ICA occlusion has been reported to range be-
ween 86% and 98% compared with contrast angiography.
wo other reports confirmed these findings, documenting
very high diagnostic accuracy of CCDU in differentiating
ear-occlusion (97%) and occlusion of ICAs (96%).15,16 In
ur study, there was a complete agreement between
CDU and selective contrast angiography in the diagnoses
f carotid occlusion and recanalization. Indeed, the recan-
lization of a previously occluded ICA, just for the marked
rregularity of the new channel within the occluded vessel,
ooks like a near-occlusion and so can be easily detected
ith CCDU.
On the other hand, we have to consider the few limi-
ations of CCDU, such as heavy calcifications with wide
coustic shadows and anatomic variations. For these pa-
ients, we believe it is clinically significant to obtain a certain
iagnosis by means of another diagnostic tool, such as
omputed tomography angiography, which has a sensitivity
f 100%, a specificity of 98%, and an accuracy of 99% for
iagnosing ICA near-occlusion and total occlusion.21
Some hypotheses have been advanced for the underly-
ng mechanisms of an SR, even if not supported by hard
ata. Some authors postulated spontaneous thrombolysis,
ediated by the body’s own antithrombotic mecha-
isms.30 An alternative hypothesis suggested the onset of a
udden, acute intraplaque hemorrhage producing a tempo-
ary occlusion of the ICA, with a following recanalization
ue to the regression of the local swelling.31 This was not
he right hypothesis for our cohort of patients, because all
ecanalizations occurred late—the earliest was 5 months
fter the occlusion—and this is a long time for swelling to
ersist.
More recently, a new theory has been proposed sug-
esting the recanalization process proceeds from the vasa
asorum.43-45 When the layers of the large vessels are
hickened by intimal hyperplasia, medial hypertrophy, or
therosclerotic disease, the vasa vasorum have been dem-
nstrated to grow inward to supply the pathologically
hickened intima and media layers.43,46,47 This theory
eems to be very attractive formost of our patients, in which
he typical corkscrew-like tortuosity and the small size of
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February 2011328 Camporese et almultiple irregular peripheral channels recognized to be vasa
vasorum reconstituted the new uniformly long and narrow
lumen within the previously thrombosed ICA.
CONCLUSION
The diagnosis of an SR of an occluded extracranial ICA
of nondissectional origin seems to be more frequent than
expected. Advanced ultrasound imaging techniques dem-
onstrated an equivalent sensitivity, specificity, and accuracy
compared with contrast angiography in the diagnosis of a
near-occlusion, occlusion, and recanalization of an ICA.
Finally, patients who experienced this particular vascular
condition showed a relatively benign outcome in a long-
term follow-up once the occlusion and the consequent
recanalization was established. Therefore, it is our opinion
that a revascularization procedure could be avoided in these
patients and that only surveillance by clinical follow-up and
CCDU should be made. On the other side, we are aware
that our sample of patients is too small to provide definitive
conclusions and that other prospective studies are needed
to confirm our findings.
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In a follow-up study of 696 patients with atherosclerotic
occlusion of the cervical internal carotid artery, the authors discov-
ered spontaneous recanalization (SR) in 16 patients (2.3%). The
mean interval from the diagnosis of occlusion to the discovery of
SR was 38 months (range, 5-98 months). Aspirin was the only
coagulation modifier used in most patients with carotid occlusion
experiencing SR. Of the 16 SR patients, 1 sustained a transient
ischemic attack, 1 had a contralateral cardioembolic neurologic
event, and 2 patients had nonhemispheric symptoms leading to the
diagnosis of SR. The remaining 12 patients were asymptomatic.
No patient sustained a stroke at the time of SR.
The images provided by the authors reveal that the recanalized
arteries have only thread-like lumens, with barely perceptible flow.
On long-term follow-up after SR (mean, 71.2; range, 1-157
months), 1 patient had chronic nonhemispheric symptoms, 2
patients died of cancer without neurologic symptoms, and the
remaining 13 patients were alive and asymptomatic. No patient
experienced a stroke referable to the recanalized artery.
The authors make four significant observations with respect to
SR. First, it is uncommon (2.3%), but perhaps not as uncommon as
it was previously thought to be. Second, it is usually an asymptom-ow or to be a source of emboli. Finally, in long-term follow-up,
ecanalized arteries remain asymptomatic. In fact, no patient in
heir study sustained a stroke referable to the recanalized artery.
From these observations, we can conclude first, that SR is not
clinically significant event, and second, that treatment of a
ecanalized artery in an attempt to enlarge the lumen and restore
ignificant antegrade flow is unwarranted. Although it would seem
empting to cross the lesion with a guidewire and then to stent
pen the irregular and diminutive lumen, this cannot be justified
ased on these authors’ experience. More plainly, after a well-
ocumented atherosclerotic cervical internal carotid artery occlu-
ion, the diagnosis of carotid recanalization by duplex, magnetic
esonance angiography, computed tomography angiography, or
atheter angiography is not an indication for intervention.
The authors’ observations and the conclusions logically drawn
rom them are timely. SR will be diagnosed more frequently as our
arotid disease and stroke patients live longer and more often
ndergo cerebrovascular imaging studies with continually improv-
ng sensitivity for the detection of even minimal flow. The knowl-
dge that SR is associated with a benign natural history should
revent well intentioned, but unnecessary, ill-advised, and poten-
ially dangerous interventions.
